Acutally, new developments in microphones have been performed to respond to recent demands for miniaturization and high sound quality [6] - [10] . These tioning is different. Therefore, the studies carried out with electrodynamic 26 loudspeakers [11] - [20] can be useful for the electrodynamic microphone ones.
27
However, electrodynamic microphones are damping controlled whereas the 28 electrodynamic loudspeakers are mainly designed to be mass controlled. Con- We can say that that the electrical impedance measurement of such a trans-36 ducer is the most accurate measurement we can generally realize in a labora- Small model [21] is used to characterize the electrical impedance of the elec-44 trodynamic microphone. We will show that the Thiele and Small parameters 45 depend on the input voltage and consequently, some distortions are created.
46
Such distortions are measured with a laser Doppler velocimeter and predicted 47 electrodynamic microphone. We can say that the experimental displacement 49 spectrum is consistent with the theoretical spectrum. The first section presents 50 the analytical classical model of an electrodynamic microphone and its limits.
51
The second section presents an experimental method based on the electrical 52 impedance measurement to characterize the variations of the nonlinear param-53 eters that describe the electrodynamic microphone. This way of characterizing 54 a nonlinear system has been used in a previous paper for studying the electro-55 dynamic loudspeaker nonlinearities [22] . The third section presents both the 56 theoretical and the experimental spectrums. 
86
Two differential equations can be used to describe the electrodynamic micro-87 phone. Such equations are also used for modeling electrodynamic loudspeakers
88
[23]- [25] . The first one is given by (1) . By taking into account the eddy currents which occur at high frequencies [26] ,
101
Eq. (3) is expressed as follows (Eq.4):
All the parameters in Eq. (3) could be called the electrodynamic microphone 
Limits of a linear electro-acoustical model
When the algorithm converges, all the values describing the nonlinear param- determined with our three-dimensional least mean square method.
Variations of the Thiele and Small parameters

201
It can be noted that the parameter that is the most sensitive to the least mean 202 square algorithm is the force factor Bl. In addition, we see that the equivalent
203
inductance L e is also sensitive. This implies that the magnetic circuit could be 204 improved. In fact, it is well-known that the iron in magnetic circuits generates 205 nonlinearities because of its saturation and its hysteresis losses. This is the 206 reason why it can be interesting to design ironless magnetic loudspeakers [20] . These variations are obtained in the previous section by using both the Sim-
216
plex algorithm with the least mean square criteria. Furthermore, we neglect
217
here the unstationary effects (R e increases in time due to the Joule effect).
218
The first step for obtaining this nonlinear differential equation is to drop the 219 parameter i(t) from the two equations (1) and (2). From (2), i(t) can also be 220 written as follows:
222
By using (8) and 1, we deduct :
The previous equation can also be written in the following form :
231
We can also write the previous relations in the frequency domain so that (10) 232 becomes :
Thus, we deduct that there is a bijective relation between U and X:
where χ = (A(jw)
In the previous section, we stud-
239
ied the fact that the five Small signal parameters depended on input voltage.
240
We deduct that these parameters can also be written as a function of the Table 3 Values of the harmonics created by the electrodynamic microphone ; H1 corresponds to the fundamental, H2 is the harmonic two and H3 is the harmonic three and the experimental displacement spectrum shows a very good agreement at 290 low frequencies.
